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Hemodialysis-associated subclavian vein stenosis
STEVE J. SCHWAB, L. DARRYL QUARLES, JOHN P. MIDDLETON, RICHARD H. COHAN,
M0sHIN SAEED, and VINCENT W. DENNIS
Division of Nephrology, Departments of Medicine and Radiology, Duke University Medical Center, Durham, North Carolina, USA
Hemodialysis.associated subclavian vein stenosis. This study was un-
dertaken to evaluate hemodialysis-associated subclavian vein stenosis
(SVS) and to clarify treatment of this condition. Forty-seven patients
underwent upper arm venography to evaluate fistula dysfunction. Sub-
clavian vein stenosis was documented in 12. Eleven of 12 had elevated
venous dialysis pressure (196 8.9 mm Hg), and six had arm edema.
All 12 had previously undergone subclavian cannulation on the side of
the fistula. Thirty-five patients showed no evidence of subclavian vein
stenosis. Twelve of these 35 patients (mean venous dialysis pressure
113 2.3 mm Hg) had undergone previous subclavian cannulation on
the side of the fistula. The mean age of the fistula at the time of
venogram in patients with subclavian vein stenosis was 17.0 months
versus 5.8 months in patients with ipsilateral subclavian cannulation
without subclavian vein stenosis. Percutaneous transluminal angioplas-
ty (PTA) was performed on 11 of 12 patients with SVS lowering venous
dialysis pressure and restoring patency to the fistula in 100%. Lesions
recurred in two of II patients and were successfully retreated with
PTA. We conclude that SVS is a common dialysis problem that is
amenable to treatment with PTA. Elevated venous dialysis pressures
are a sensitive indicator of this condition.
We and others have reported stenosis of the subclavian vein
as a complication of vascular access in patients receiving
maintenance hemodialysis therapy [1—7]. The associated arm
edema often requires removal of the A-V fistula and compli-
cates future fistula replacement. Little is known about the
causes of this condition although several authors have specu-
lated on the role of prior subclavian vein cannulation [1—6]. The
frequency, severity, and factors predisposing to this condition
have not been examined.
The present study describes the detection and prevalence of
subclavian vein stenosis in our hemodialysis population and
identifies some potential predisposing factors. We also report
our experience with transluminal angioplasty (PTA) to restore
patency to stenotic subclavian veins. The information indicates
that subclavian vein stenosis occurs frequently in hemodialysis
patients and is amenable to PTA. Possible predisposing factors
include prior placement of temporary venous catheters and the
duration of high blood flows associated with ipsilateral arterio-
venous fistulas.
Methods
Patients
From 1985 through 1987, 47 patients receiving chronic main-
tenance hemodialysis therapy had 50 diagnostic fistulograms
(upper arm venograms of the A-V fistula) performed in a
manner that visualized the entire subclavian vein on the side of
the fistula. Indications for fistulogram included prior thrombosis
(20 patients), arm edema (6 patients), poor fistula blood flow or
increased venous pressure on dialysis (21 patients). Mean age of
these patients was 50 7.3 years (range 22 to 79 years). There
were 23 males and 24 females in this study. PTA was performed
in a standard fashion [8] except that two angioplasty catheters
(6 to 15 mm balloon diameter, 7 French catheter, burst pressure
17 atmospheres, MEDI Tech mc, Watertown, Massachusetts,
USA) were required 27% of the time to attain sufficient balloon
diameter to dilate the subclavian vein fully. Angioplasty cath-
eters were inserted into either the fistula or the vein proximal to
the fistula (45%), the femoral vein (45%), or some combination
of these (9%), and were fluoroscopically guided to the stenotic
lesion. Contrast studies were obtained post-PTA to document
flow across the dilated lesion (Fig. 1). Hemostasis was obtained
at the end of the procedure by 15 to 20 minutes of manual
compression. PTA was performed on an outpatient basis in 12
of 14 instances with vascular surgeons on standby. Successful
PTA was defined as angiographic restoration of venous patency
with venous dialysis pressures less than 150 mm Hg, resolution
of any arm edema, and maintenance of normal venous dialysis
pressure for six months or until the fistula was removed for
other indications.
Venous dialysis pressures were determined by direct mea-
surement (mechanical-electrical pressure transducer) and were
read from the venous pressure monitor of the hemodialysis
machine (Gambro AK-b hemodialysis machine, Gambro Lundia,
Lincoinshire, Illinois, USA). Venous dialysis pressures were
measured at extracorporeal blood flows of 225 to 250 mI/mm
through 16 gauge needles and were consistently elevated at
three consecutive dialysis treatments prior to being considered
reproducible. Data were analyzed with unpaired Student's
I-test and are reported as means standard error of the mean.
Results
Of the 47 patients who had fistulograms, 12 had stenotic
lesions of the ipsilateral subclavian vein (Tables I and 2, Fig. 1).
Most of these were band-like lesions in the mid-portion of the
subclavian vein (Fig. I). Eleven of these 12 patients (92%) had
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Fig. 2. Cumulative prevalence of subclavian vein stenosis following
ipsilateral subclavian cannulation in patients with subclavian vein
stenosis.
Fig. I. A. Angiogram of an upper arm fistula shows a tight subclavian
vein stenosis (arrow). The angiographic catheter is in the axillary artery.
B. Complete resolution of the subclavian vein stenosis after PTA
performed via the femoral vein approach.
elevated venous dialysis pressure (greater than 150 mm Hg). Six
of 12 (50%) also had severe arm edema on the side of the fistula
and the stenosis. All patients with subclavian vein stenosis had
had prior cannulation of the involved subclavian vein for
temporary vascular access (Table 2). The subclavian venous
catheter and the arteriovenous fistula were never present simul-
taneously on the same side. The number of venous catheter
insertions on the side of the lesion averaged 1.6 (range 1 to 3)
with a total time of subclavian catheter placement averaging 5.5
weeks (range 3 to 12 weeks); (Table 2). Seventeen of 19 sub-
clavian dialysis catheters were double lumen models (VasCath,
Gambro Inc.) and two were single lumen.
There was a tendency for the detection of subclavian vein
stenoses to increase as a function of time after placement of an
A-V fistula (Fig. 2). At the time that the subclavian stenosis was
detected, the mean age of the current fistula on the side of the
lesion was 14.5 3.0 months. Only two patients had increased
venous dialysis pressure in the access arm when a fistula was
first inserted. Both of these patients had had previous A-V
fistulas on that side. The duration of all previous ipsilateral
fistulas after subclavian cannulation was 17.0 2.2 months
(Table 2). Mean venous dialysis pressure was 118 22 mm Hg
when these 12 fistulas were first placed versus 196 8.9 mm Hg
(P < 0.001) when the subclavian stenosis was detected (Table
1).
Thirty-five patients who underwent diagnostic fistulogram
(venogram) showed no evidence of subclavian vein stenosis.
Twelve of these 35 patients (34%) had had prior cannulation of
the examined subclavian vein for intravenous dialysis catheth-
ers (Table 2). The number of prior ipsilateral subclavian cath-
eter insertions averaged 1.1 (range 1 to 2). The total duration of
prior subclavian catheter placement on the side of the fistula
was 3.4 weeks (range 3 to 4 weeks). Eleven of 12 dialysis
catheters placed in these patients were double lumen catheters
with one single lumen catheter placed. Mean age of the fistula
was 5.8 0.9 months at the time of fistulogram. Venous dialysis
pressure in this group of 12 patients averaged 113 2.3 mm Hg
at the time of fistulogram (Table 2). Twenty-three patients
without evidence of subclavian stenosis had never had a sub-
clavian catheter placed on the side of the diagnostic fistulogram.
Mean venous dialysis pressures on the side of the fistula in this
total group of 35 patients was 101 12 mm Hg.
Eleven of the 12 patients with subclavian stenosis had per-
cutaneous angioplasty (Table 1, Fig. 1). In all instances, PTA
was successful in restoring patency to the subclavian vein and
decreasing venous pressure. Venous dialysis pressures after
PTA averaged 101 8 versus 196 8.9 mm Hg pre-PTA (P <
0-4 4-8 9-12 13-16 17-20 21-24 25-28 >28
Duration of patent fistula, months
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Table 1. Patients with subclavian stenosis
Venous pressure
.Patient .Subclavian Duration Arm .Fistula age mmHg
No. Age ESRD insertion weeks edema months PTA Pre-PTA Post-PTA
1, 22 WM GN I 4 Yes
No
Yes
13
19.5
26
xl
x2
x3
210
210
210
110
110
110
2. 43 BF GN 2 5 Yes
Yes
26
32
xl
x2
210
170
100
105
3. 42 BF GN I 4 Yes 16 xl 180 105
4. 31 WF HERED 1 4
(Axillary fistula)
No 8 xl 180 100
5. 67 WF DM I 5 No 16 xl 200 105
6. 49 BM DM 2 8 No 13 xl 210 110
7. 54 BM DM 3 12 Yes 23 xl 290 110
8. 63 BM HPT I 3 No ii No 105
9. 57 BM HPT 2 5 Yes New (16) xl 200 130
10. 60 BM FIPT 1 4 No >36 xl 180 100
11. 58 BF DM 2 6 No 12 xl 180 110
12. 49 WM HPT 2 6 Yes New (14) xl 210 105
Abbreviations are: GN, glomerulonephritis; DM, diabetic nephropathy; HERED, hereditary riephropathy: HPT, hypertension.
Previous ipsilateral A-V fistula.
Table 2. Factors associated with subclavian vein stenosis
With subclavian
vein stenosis
Without subclavian
vein stenosis
Number of patients 12 35
Patients with
previous ipsilateral
subclavian vein 12 (100%) 12 (34%)
cannulations
Mean number 1.6 (1—3 insertions) 1.1 (1—2 insertionsY
Mean duration 5.5 weeks
(3—12 weeks)
3.4 weeks
(3—4 weeks)'
Mean duration of 17.0 2.2 months1' 5.8 0.9 months'"
current ipsilateral
A-V fistula
Mean venous dialysis 196 8.9 mm Hgb 105 14 mm Hgb
pressure 113 2.3mm Hga1'
Patients with previous ipsilateral sublcavian cannulation only.b P < 0.05.
0.001) and arm edema resolved in all six instances. One patient
(Table 1, Patient 8) had mild subclavian stenosis noted during
PTA of a vein-fistula anastomosis stenosis but was not dilated
because of normal venous dialysis pressures (105 mm Hg), Two
patients required multiple angioplasties of the same lesion
(Table 1). When venous dialysis pressures were noted to
increase post-angioplasty, lesions had recurred in all instances.
One patient (Table 1) appeared to be a long-term failure as
recurrent dilations were becoming less and less successful
(Table I, Patient 1). There were no bleeding episodes, vein
ruptures, or other complications associated with these proce-
dures. There were no significant complications associated with
contrast infusion.
Discussion
We report 12 patients with stenosis of the subclavian vein
detected by means of fistulograms done for various dysfunc-
lions of the arteriovenous fistula and extended to include the
subclavian system. Based on a background population of 110
patients on hemodialysis, we estimate that subclavian vein
stenosis has a crude prevalence of approximately 11%. Can-
nulation of the affected vein preceded the development of
stenosis in all instances, but occurred in only 12 of 35 (34%)
patients who had fistula dysfunction without evidence of sub-
clavian vein stenosis (Table 2). Among all patients who had
undergone prior ipsilateral subclavian cannulations, neither the
mean number of subclavian insertions (1.6 vs. 1.1), nor the
duration of subclavian catheter placement on the affected side
differed significantly between those who developed subclavian
stenoses and those who did not, although there was a trend
toward longer cannulation times in the patients with subclavian
stenosis (5.5 vs. 3.4 weeks; Table 2). Ofparticular interest is the
observation that clinical detection of the stenotic lesions in-
creased as a function of duration of patency of the associated
arteriovenous fistula (Fig. 2). On the average, fistulas were
present on the affected side for a longer period of time in the 12
patients with subclavian stenosis (14.5 3.0 months) than in
the 11 patients with previous subclavian insertions without a
subclavian lesion (5.8 0.9 months); P < 0.05). This observa-
tion is even more dramatic when prior ipsilateral A-V fistulas
are considered (17.0 vs. 5.8 months; P < 0.001; Table 2). No
other potentially predisposing factors including anatomic place-
ment, side of the stenosis, or type of fistula was apparent.
Additionally, there were no instances of subclavian vein throm-
bosis detected in our patients although this may lead to stenosis
[2, 9, 101. It is possible that thrombosis was averted by early
detection and correction of the stenosis.
It is important to recognize the events leading to the detection
of subclavian stenosis in these patients. In most instances,
detection resulted directly from a fistulogram done because of
elevated venous pressure (>150 mm Hg) during dialysis (Table
2). Venous dialysis pressures were elevated in 11 of 12 patients
with subelavian stenosis (92%) and averaged 196 8.9 mm Hg.
Arm edema was present in six patients but increased venous
pressure during dialysis was the only manifestation in 5 of 12
(42%). Thus, patients with elevated dialysis venous pressure
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are likely to have a subclavian or other stenotic lesion [8, 11]. In
view of these considerations, we recommend elective diagnos-
tic fistulograms for any patient with venous dialysis pressures
above 150 nim Hg during blood flow rates of 225 to 250 mi/mm.
If no stenosis is observed in the arteriovenous fistula, the
angiogram should be extended to visualize the subclavian
system.
Because of our previous success with percutaneous translum-
inal angioplasty in the treatment of vascular access stenoses [8],
we applied a similar approach to subclavian stenoses. We were
successful in all instances in relieving the stenosis. Translumi-
nal angiopiasty in 11 patients decreased mean dialysis venous
pressure from 196 8.9 mm Hg to 101 8 mm Hg (Table 1 P
<0.001), with an average follow-up period of 12.7 months. Two
of 11 patients required repeat angioplasty to maintain patency.
In each instance the recurrence of subclavian stenosis was
associated with an increase in dialysis venous pressure (Table
1). One patient has continued to require frequent angioplasty
with a lesion that recurs rapidly (Table 1, Patient 1).
There are a number of questions about the formation of
subclavian stenosis that remain unanswered. For example, we
do not know the status of subclavian veins subjected to repet-
itive cannulation but without subsequent placement of ipsilat-
eral arteriovenous fistulas. Anatomic narrowing could conceive-
ably be present without clinical consequences. In the absence
of any clinical indication for an angiogram, however, these
potential lesions will remain undetected. Considerations such
as this reinforce the close association between arteriovenous
fistulas and subclavian stenosis. Regardless of whether an A-V
fistula ipsilateral to a prior subclavian cannulation causes or
worsens subclavian stenosis, the high rates of blood flow
required for an effective fistula create the conditions in which
any degree of narrowing is likely to have greater clinical
significance and complications. Glanz et al [12] have proposed
that other causes of venous narrowing, such as physiologic
extrinsic compression where the subclavian vein crosses be-
tween the clavicle and the first rib, may also lead to stenosis.
In summary, hemodialysis-associated subclavian stenosis
occurs commonly in chronic maintenace hemodialysis popula-
tions. Prior subclavian vein cannulation appears to be a predis-
posing factor, but other factors may contribute. We propose
that turbulence across a nidus of fibrosis caused by the insertion
of a subclavian catheter may be a contributing factor leading to
the progression of an otherwise clinically insignificant lesion.
When subclavian venous stenosis is detected, it is readily
treatable on an outpatient basis with transluminal angioplasty.
Although temporary subclavian venous catheters may lead to
subclavian vein stenosis, their ability to provide otherwise
relatively trouble-free hemodialysis vascular access represents
a compelling reason to continue their use.
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